Introduction
Optical isolators are indispensable devices to protect semiconductor laser diodes (LDs) from unwanted reflected light. Semiconductor waveguide optical isolators have been awaited for monolithic integration with LDs. Recently Fe / InGaAsP, InGaAlAs / InP semiconductor active waveguide optical isolators based on nonreciprocal loss have been reported [1, 2] and monolithic integrations with distributed feedback lasers have been demonstrated [3] . Integrable semiconductor active optical isolators are composed of semiconductor optical amplifier (SOA) waveguides and ferromagnetic metals, and can realize previously impractical photonics integrated circuits where the direction of optical signals is clearly defined. Semiconductor active optical isolators based on nonreciprocal loss differ from other waveguide optical isolators in that they are amplifying waveguide devices. They function as nonreciprocal semiconductor lasers / optical amplifiers when the SOA gain is larger than the forward propagation loss due to the transversely magnetized ferromagnetic metal [4] . Magnetically programmable semiconductor bistable laser diodes have been proposed using semiconductor active optical isolators. By integrating semiconductor active optical isolators in bistable laser diodes, it was theoretically reported that bistability can be controlled by magnetization state of the ferromagnetic metals, which is useful for realizing optical flip-flop memories [5] . In this paper, we report magnetically controllable optical intensity and mode redistribution in semiconductor active optical isolators for reconfigurable optical buffering memories.
Fabrication of Semiconductor Active Optical Isolators
We fabricated semiconductor active optical isolators composed of InGaAlAs / InP SOA waveguides with Fe and Fe 50 Co 50 ferromagnetic metals. Fig. 1 shows a crosssectional scanning electron microscopy (SEM) image of the fabricated semiconductor active optical isolator. The active layer is nine InGaAlAs tensile strained multiple quantum well (MQW) for transverse magnetic (TM-) mode amplification. The gain peak wavelength of the MQW active layer is 1295nm. The devices have 2 μm -wide ridge waveguide structure. Fe or Fe 50 Co 50 (100 nm) / Ti (100 nm) / Au (300 nm) thin films were deposited on the SOA waveguides by an electron-beam evaporator as an upper electrode. Transversely magnetized ferromagnetic metal Fe / Fe 50 Co 50 produces nonreciprocal propagation via the transverse magneto-optic Kerr effect. The devices were as cleaved and the device length L is 0.5 mm. Fig. 2 shows an optical microscope image of the fabricated semiconductor active optical isolator, and the direction of applied magnetic field.
Magnetic L-I Characteristics of the Semiconductor Active Optical Isolators
We measured the light output of the fabricated semiconductor active optical isolators under magnetic field. The devices were kept at 10 o C and magnetic field of +/-0.15T was applied in Voigt configuration by an electromagnet, as shown in Fig. 2 . A magnetic field of 0.15T is sufficient for saturating the magnetization of the Fe / Co 50 , at a current of 100mA. The change of the light intensity was smaller (18%) for semiconductor active optical isolators with Fe, at a current of 100mA, which is consistent with larger magneto-optic effect of Fe 50 Co 50 at the wavelength of 1295 nm [6] . This is a demonstration of the magnetically controllable semiconductor lasers. Furthermore, kinks are found at a current of 72mA in L-I characteristics of Fig. 3(a) , corresponding to the first order transverse mode in addition to the fundamental mode. The change of the light intensity also increased at the same current. The change of the light intensity by magnetization reversal is proportional to the overlap of the propagating light in the ferromagnetic Fe 50 Co 50 layer, Γ FM . Since the Γ FM is higher for the first order transverse mode than that for the fundamental mode, the change of intensity is higher when the first order transverse mode is dominant, as schematically shown in Fig. 3(b) . Optical intensity and transverse mode profile were modulated along the semiconductor active optical isolator cavity by the magnetization reversal. These unique phenomena can be applied to a variety of applications in optoelectronic devices, optical buffering memories, nonlinear optical devices, and high-speed data processing / recording.
Conclusions
In summary, we have reported on the semiconductor active optical isolators. The fabricated semiconductor active optical isolators exhibited laser oscillation whose intensity and transverse mode profile were modulated by the magnetization reversal, and the change of the intensity was as large as 46%, in Fe 50 Co 50 / InGaAlAs / InP semiconductor active waveguide optical isolators. The manipulation of the optical intensity and transverse mode profile by the magnetization state is useful to realize reconfigurable optical buffering memories. 
